Abstract
Introduction

31
The need for a reliable supply of fuel is increasing due to growing human population and 32 expanding economies in both developing and developed countries. One innovation that 33 addresses this requirement is fracking, which allows previously unattainable oil and gas 34 2 reserves to be extracted from deep beneath the Earth's surface [1] . This typically occurs in 35 shale rock, which is a sedimentary rock composed of a mixture of clay minerals formed by 36 deposition of particulates and organic matter. Shale can be removed at shallower levels by open 37 pit mining and, thereafter, the oil is separated from the shale by pyrolysis at high temperature.
38
The vast majority of what remains is oil shale ash, which may be used for soil treatment and 39 cement production, but millions of tonnes are added to landfill annually with associated costs.
40
Efforts have been made, therefore, to use shale as a cheap and widely available starting material 41 to generate value-added products. Shale is also found in areas without containing fossil fuels. 
Zeolite preparation and optimisation
87
The clean shale was crushed in a ball mill apparatus, sieved to <90 µm and calcined in air at To convert the prepared zeolite from Na + to NH4 + form, 90 g of zeolite were added to 250 cm 3 107 of 2 N ammonium chloride and stirred in a round bottom flask at room temperature for 2 h.
108
The solid was recovered by filtration, washed with distilled water and the ion-exchange 109 procedure was repeated a further two times using 60 g and 30 g, respectively. The solid was 110 again recovered by filtration, washed with distilled water, dried for 12 hrs at 120 °C and 111 calcined in air at 500 ºC for 4 h. 
Catalyst testing 126
The esterification reaction of oleic acid with ethanol was performed by reflux in a 500 ml batch and that sodium silicate and sodium aluminosilicate were the predominant phases remaining. reports showing the influence of the water to shale ratio in the preparation of zeolite. Hu et al.
179
found that the ratio of water to sodium hydroxide had a profound effect on the crystals phases catalytic properties practically identical to that of commercial zeolite Y.
247
As with any esterification reaction, the formation of water prevents complete conversion of 248 oleic acid by promoting the reverse reaction (hydrolysis) and driving the equilibrium to the left.
249
Oleic acid conversions between 60 and >99% were achieved for different montmorillonite- was found after 100 mins at 110 °C using sulfuric acid as catalyst whereby the water was 253 removed using a zeolite A adsorption column [44] . However, the temperatures used in these 254 methods also removes the ethanol required for esterification so is not ideal for real applications. 
